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Abstract
Computation of radiative energy loss in a finite size dynamically screened QCD medium is a
key ingredient for obtaining reliable predictions for jet quenching in ultra-relativistic heavy ion
collisions. We develop a theory which allows calculating, to first order in the number of scattering
centers, the energy loss of a heavy quark traveling through a finite size dynamical QCD medium.
We show that the result for a dynamical medium is significantly larger compared to a medium
consisting of randomly distributed static scattering centers. Therefore, a quantitative description
of jet suppression at RHIC and LHC experiments must correctly account for the dynamics of
the medium’s constituents. Furthermore, qualitative predictions that come from this energy loss
formalism are also presented.
1. Introduction
Heavy flavor suppression is considered to be a powerful tool to study the properties of a
QCD medium created in ultra-relativistic heavy ion collisions [1]. The suppression results from
the energy loss of high energy partons moving through the plasma [2]. Therefore, reliable com-
putations of heavy quark energy loss mechanisms are essential for the reliable predictions of jet
suppression.
In majority of currently available studies the medium-induced radiative energy loss is com-
puted by assuming that the QCD medium consists of randomly distributed static scattering cen-
ters (“static QCD medium”). However, in reality, constituents of the medium are dynamical,
and we recently showed that inclusion of dynamical QCD medium effects are important in the
radiative energy loss calculations [3, 4]. Furthermore, calculation of the energy loss has to be
performed in a finite size QCD medium, since the size of the QCD medium created in both RHIC
and LHC is in reality finite. While methods for energy loss calculation have been developed for
an infinite optically thick dynamical QCD medium, no such approach exists for finite optically
thin medium. However, it is of crucial importance to develop the energy loss formalism for the
case of a finite size optically thin medium, in order to make reliable predictions applicable for
the range of parameters relevant for RHIC and LHC experiments.
In this paper we concentrate on the theory of heavy quark radiative energy loss in a finite size
dynamical QCD medium, and present some qualitative theoretical predictions relevant for the
upcoming LHC experiments. Only the main results for heavy quark energy loss are presented
here. For more detailed version see [3, 4, 5], and references therein.
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2. Heavy quark energy loss
We compute the medium-induced radiative energy loss for a heavy quark to the first (lowest)
order in number of scattering centers. To calculate this process, we consider the radiation of one
gluon induced by one collisional interaction with the medium. In distinction to the static case,
we take into account that the collisional interactions are exhibited with dynamical (moving)
medium partons. We consider a finite size QCD medium, and to model this medium we adopt
the approach from Zakharov [6]. That is, we assume that medium has a size L, and that the
collisional interaction has to occur inside the medium. The calculations were performed by using
two Hard-Thermal Loop approach, and the explicit calculation [5] of all diagrams contributing
to first order in the opacity yields the following expression for the fractional radiative energy loss
(µ is the Debye screening mass and parametrizes the density of the medium):
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Here k and q are the transverse momenta of radiated and exchanged gluon respectively, λ−1dyn ≡
3αsT defines the “dynamical mean free path” [3], αs is the strong coupling constant, and CR= 43 .
Further, χ ≡ M2 x2 + m2g, where M is the heavy quark mass, x is the longitudinal momentum
fraction of the heavy quark carried away by the emitted gluon and m2g = 12µ
2 is the effective mass
squared for gluons with hard momenta k & T .
This result allows us to compare the radiative energy loss in dynamical and static [7] QCD
media, from which one observes that the expressions are remarkably similar, with two important
differences [4, 5]. First, the effective mean free paths are different, and this difference increases
the energy loss in the dynamical medium by 20%. The second difference is the change in the
effective differential cross sections, which is reflected by the following expression
[
µ2
(q2+µ2)2
]
stat
7→[
µ2
q2(q2+µ2)
]
dyn
, which significantly increases the energy loss rate, as we can see in the following
Section.
3. Numerical results
In this section we present some numerical results for the radiative energy loss. The left panel
of the Fig. 1 shows the ratio of the radiative energy loss in dynamical and static QCD media
as a function of jet energy at RHIC. The ratio is shown by the solid curve in the figure. Note
that the value of 1 on the vertical axis would correspond to the case where there is no difference
between the energy loss in dynamical and static QCD media. The dark gray region corresponds
to the 20% increase in the energy loss due to the difference in the effective ”path lengths”. The
light gray region corresponds to additional 40% increase in the energy loss due to the difference
in effective differential crossections. Therefore, we can conclude that, at RHIC, there is no jet
energy domain where the assumption of static scatterers is valid. This conclusion applies to all
types of quarks, both light and heavy, as shown in [4].
A similar conclusion is valid for the LHC case as well, as can be seen in the right panel of
Fig. 1. However, from this figure we also notice that, in a finite size QCD medium, the difference
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Figure 1: Ratio of the fractional radiative energy loss in finite size dynamical and static QCD media for charm quark as a
function of initial quark energy E (solid curve). Left (right) panel corresponds to RHIC (LHC) conditions. For parameter
values see [4].
between the energy losses in dynamical and static QCD media decreases with the increase in
jet energy. The decrease in ratio is even more transparent if we asymptotically increase the
jet energy. That is, at asymptotic limit, a static QCD medium becomes valid approximation.
The reason behind this is that, at asymptotically large jet energies, we recover the LPM limit
of the energy loss. The ratio of the radiative energy losses in finite size dynamical and static
QCD media then becomes limE→∞ ∆Edyn∆Estat = limE→∞
λstat
λdyn
ln 4ET
µ2
ln 4ET
µ2
−1 =
λstat
λdyn
[4, 5]. This leads to the
conclusion that, at asymptotically large jet energies, the static approximation becomes valid, up
to a multiplicative constant which can be renormalized.
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Figure 2: Left panel: Fractional 1st order in opacity radiative energy loss for an assumed path length L = 5 fm as a
function of jet energy for light, charm and bottom quarks (dot-dashed, dashed and solid curve, respectively). Right
panel: Fractional 1st order in opacity radiative energy loss as a function of thickness of the medium for bottom quark.
Black curves correspond to initial jet energy of E = 10GeV, while gray curves correspond to E =1TeV. Black dot-dashed
curve shows what would be the fractional energy loss in infinite size QCD medium for 10GeV jet, while dotted gray
curve shows what would be the fractional energy loss in LPM limit for 1 TeV jet. Note that for each panel, we assume a
medium of temperature T = 400 MeV (“LHC conditions”).
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Finally, we discuss some qualitative conclusions arising from this newly developed energy
loss formalism. To do this, we concentrate on the LHC case, and the left panel of Fig. 2 shows
the fractional energy loss as a function of initial jet energy. We see that, in the range up to 70
GeV, light and charm quark lose all of their energy, so we can not distinguish them in that range.
On the other hand, in the range above 70 GeV, they loose the same amount of energy, so they
can not be distinguished either. Therefore, one expects that at LHC, charm and light quarks will
have similar suppressions, leading to a conclusion that charm suppression is not a good probe
for studying the ”dead-cone effect” [7, 8]. On the other hand, we see that bottom energy loss
is significantly different from charm and light energy loss. This therefore leads to a conclusion
that bottom suppression is an excellent probe to study the finite mass effect on the energy loss
at LHC. Note that, despite the fact that charm is not a good probe for studying the ”dead-cone
effect”, the fact that charm presents a clear independent probe still makes charm an excellent
probe for testing our understanding of the QCD matter created at LHC.
Furthermore, another interesting observation can be obtained from the bottom energy loss
dependence on the thickness of the medium, which is shown in the right panel of Fig. 2. For
10 GeV jet, we see that jet energy loss thickness dependence almost ideally overlaps with the
incoherent Berch-Gunion limit, while for 1TeV jet energy loss thickness dependence almost
ideally overlaps with LPM limit. Therefore, we see that, at the jet energy range applicable to
LHC, we can observe a perfect transition of the bottom energy loss thickness dependence, from
incoherent linear to the coherent quadratic dependence characteristic for the LPM effect.
4. Summary
We have studied the radiative energy loss for both light and heavy quarks, in a finite size
dynamical QCD medium. We showed that the energy loss in a dynamical medium is significantly
larger than in a static medium for the entire range of experimentally realistic energies. Therefore,
the constituents of a QCD medium can not be approximated as static scattering centers. i.e. the
dynamical effects have to be included for reliable predictions of jet suppression in the upcoming
experiments. The formalism suggests new qualitative, experimentally observable phenomena.
Detailed quantitative predictions relevant for RHIC and LHC will follow.
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